Vincristine (VCR) is efficacious in some but not all brain cancers and an established substrate of Pgp and Mrp1. However, the extent to which such transporters affect the VCR penetration through the blood-brain barrier (BBB) is poorly understood. To evaluate the role of Pgp and Mrp1 in VCR CNS distribution, VCR concentrations were analyzed under steady-state conditions in normal brain, brain tumor, and bone marrow in wildtype (WT), Mrp1 ko (mrp12/2), Pgp ko (mdr1a2/2: mdr1b2/2), and TKO (mdr1a2/2:mdr1b2/2: mrp12/2) mice. VCR normal brain partition coefficients (i.e. tissue/plasma VCR concentrations) in TKO mice were greater than those in WT mice at both targeted 10 and 50 ng/mL plasma VCR concentrations, and ranged from 1.3-to 3.6-fold. VCR brain tumor partition coefficients in Mrp1 mice were greater than WT mice at both doses, being 1.5-and 2.4-fold higher at low and high doses, respectively. TKO mice also showed elevated VCR brain tumor penetration with a brain tumor partition coefficient of 1.9-fold greater than that in WT mice at the high-dose level. The bone marrow partition coefficient in Mrp1 ko mice was 1.65-fold greater than that in WT mice. Within strain comparisons revealed that VCR brain tumor concentrations were significantly greater than normal brain in all strains, ranging from 9-to 40-fold. These findings indicate that disruption of the BBB caused the largest enhancement in VCR tumor concentrations, yet the absence of Mrp1 on the brain tumor vasculature could enhance the penetration compared with that in normal brain.
V incristine (VCR), a plant alkaloid that interferes with microtubule function, is widely employed as an anticancer agent. In addition to its use in hematopoietic malignancies, it is also used in the treatment of different types of brain tumors. 1 -3 With respect to brain tumors, VCR is a component of the well-known PCV triple drug regimen, which consists of procarbazine (P), CCNU (C), and VCR. PCV is a chemotherapeutic option for anaplastic oligodendrogliomas, anaplastic oligoastrocytomas, and recurrent brain tumors. 4 The arrival of temozolomide has diminished the use of PCV, and based on the low blood-brain barrier (BBB) transport and disparate clinical trial results, the continued use of VCR in central nervous system (CNS) tumors has been questioned. 5 Nonetheless, for patients with anaplastic oligodendrogliomas and anaplastic oligoastrocytomas that have 1p and 19q chromosomal codeletions, the response rate to PCV is 100%; 6 thus PCV remains an option for certain types of malignant brain tumors.
The entry of VCR into the brain is expected to be low owing to its large size (MW 825 daltons) and its susceptibility to transport by Mrp1 and Pgp. Specific measurements of the distribution of VCR in the CNS are quite limited in the literature. It has been demonstrated both in pediatric acute lymphoblastic leukemia (ALL) patients and adult non-Hodgkin's lymphoma patients treated at therapeutic doses of VCR that cerebrospinal fluid (CSF) concentrations were no greater than 5% of those in plasma. 7, 8 Of course, the distribution of drugs into the CSF are not necessarily representative of drug distribution in brain, and even less so of distribution in brain tumors in which the BBB is compromised and more permissive to drug uptake. A single study using the 9 L intracerebral tumor model in rats and radiolabeled VCR administered intra-arterially concluded that normal brain and brain tumor penetration of VCR was quite low, in part due to Pgp located at the BBB. However, since plasma concentrations were neglected, the fractional uptake could not be determined and clear inferences on the role of Pgp could not be drawn. 5 In addition to Pgp and Mrp1, other MRP family members may affect its pharmacokinetics and also contribute to a drug-resistant phenotype in cancer cells. 9 -13 Surprisingly, there are few animal studies to examine the role of both Pgp and Mrp1 at the BBB in anticancer drug distribution, which prompt us to perform the current study. To analyze the contribution of Pgp and Mrp1 to VCR distribution, measurements of VCR were made in brain, brain tumors, plasma, and bone marrow, a site of VCR toxicity in mice that lacked Pgp and/or Mrp1 (mdr1a2/2:mdr1b2/2, mrp12/2 and the triple knockout, mdr1a2/2:mdr1b2/2:mrp12/2) under steady-state drug conditions. By comparing the drug distribution in brain tumor and normal brain, the selective penetration of VCR in tumors could be assessed, and the respective roles of the pumps could be inferred.
Materials and Methods

Chemicals
VCR sulfate was purchased from Hande Tech USA Inc. All other chemicals were purchased from Sigma Chemical Co. The B16 mouse melanoma cell line was kindly provided by Dr Klein-Szanto, Fox Chase Cancer Center. FVB parental, mrp12/2, mdr1a2/2: mdr1b2/2, and mdr1a2/2:mdr1b2/2:mrp12/2 triple knockout mice were provided by Taconic.
In Vivo Intracerebral Tumor Models
A syngeneic tumor model was needed for compatibility with the mouse strains. Since B16 melanoma was readily distinguished from the normal brain due to its darker pigment, it facilitated gross dissection to obtain tumor samples and met the requirement for a syngeneic model. Therefore, we used the B16 melanoma tumor as the in vivo intracerebral tumor model, as we reported previously.
14 Briefly, mice (male, weighing 25 -30 g) were anesthetized with an i.p. dose (0.1 mL/10 g body weight) of a 3:2:1 (V:V:V) mixture of ketamine hydrochloride (10 mg/mL):acepromazine maleate (1 mg/ mL):xylazine hydrochloride (2 mg/mL), secured in a stereotaxic apparatus, and had implanted 3 mL of a B16 tumor cell suspension (10 8 cells/mL) into the right (2.5 mm lateral from the bregma) thalamic region at a depth of 3 mm. The hole was sealed with bone wax, and the skin was sutured. The mice were then returned to cages and received a standard mouse diet and water ad libitum. Animals were monitored daily for CNS symptoms such as unsteady gait, arched back, unkempt appearance, and body weight. At the first sign of symptoms or a 10% loss in body weight, the animals were entered into the pharmacokinetic (PK) studies. All procedures were conducted in accordance with the NIH Guidelines Concerning the Care and Use of Laboratory Animals and were approved by the Institutional Animal Care and Use Committee.
Pharmacokinetic Studies
The goal of the PK studies was to compare VCR brain, brain tumor, and bone marrow distribution in wild-type (WT), mrp1 2/2 (Mrp1 ko), mdr1a/b 2/2 (Pgp ko), and mdr1a/b/mrp1 2/2/2 (TKO) mice under steady-state conditions.
The progression from tumor cell implantation to exhibiting CNS symptoms and weight loss in each mouse strain was reproducible and occurred at about 10 days following cell implantation. At this time, animals were anesthetized as described above and had implanted both a right carotid artery and jugular vein cannula for blood sampling and dosing, respectively. Systemic PK parameters could differ in different ABC transporter KO mice; thus a preliminary PK study was conducted to obtain CL and V ss values in each strain used in this study. The CL and V ss values were further used to calculate the loading dose and constant infusion rate employed in each strain. To achieve steady-state VCR plasma concentrations of 10 ng/mL, WT mice received a loading dose of 0.19 mg/kg and a constant rate infusion of 0.91 mg/kg/min for 4 h, whereas Mrp1 ko, Pgp ko, and TKO strains received loading doses of 0.37, 0.19, and 0.24 mg/kg, respectively, and a constant rate infusion at 0.97, 0.69, and 0.80 mg/kg/min, respectively. Similarly, to achieve 50 ng/mL VCR plasma steady-state concentrations, corresponding loading doses and infusion rates used for 10 ng/mL steady-state study were proportionally increased by a factor of 5. During the 4 hour VCR infusions, 30 mL blood samples were collected from the right common carotid artery at 60, 120, 180, and 240 minutes. Plasma was harvested from each blood sample and stored at 2808C until analyzed for VCR by liquid chromatography-mass spectrometry (LC-MS) (see below). Immediately after the 240 minutes blood samples were collected, mice were anesthetized with ether and sacrificed by cervical dislocation, and the whole brain was removed and frozen in dry ice before storage at 2808C. For subsequent analysis by LC-MS, partially frozen brains were sectioned into normal brain and brain tumor samples. Normal brain, brain tumor, and bone marrow VCR concentrations measured by LC-MS were used to calculate the corresponding partition coefficients, the ratios of steady-state VCR brain, brain tumor, and bone marrow concentrations to VCR plasma concentrations measured at 240 minutes. Statistical comparisons and VCR partition coefficients were made between strains and between low and high steady-state plasma concentration levels using 2-sided Student's t-tests. A value of P , 0.05 was considered statistically significant.
Quantitation of VCR by LC-MS
A previously reported LC-MS assay was used to measure the VCR in plasma and tissue samples because it afforded improved sensitivity with small sample volumes. 15 Plasma samples were thawed to room temperature, and 10 mL aliquots were added to 100 mL of methanol. After a 1 minute vortex and centrifugation (18 000×g for 3 minutes), the supernatant was collected and added to 20 mL of a 0.17 mM internal standard (vinblastine) solution and 900 mL water, the mixture was then passed through a preconditioned (washed with 1 mL methanol and 2 mL water) solid phase C2 cartridge. The cartridge was then washed with 1 mL of water and 2 mL of 50% methanol in water followed by gradual elution of the desired components with 300 mL of a solution consisting of methanol and 15 mM ammonium acetate (70:30). Forty microliter aliquots of the eluants were injected onto the LC -MS system that consisted of an analytical column (Phenomenex, Luna 3u C8 [2], 3 mm particle size, 50 mm × 2.0 mm) maintained at room temperature and mobile phase of 70% methanol in 15 mM ammonium acetate with 0.1% formic acid (V/V) pumped at a flow rate of 0.2 mL/min. VCR and vinblastine (internal standard) were detected at m/z ratios of 825 and 812, respectively.
To thawed left brain (contralateral hemisphere to the tumor), right brain, and brain tumor samples, 19 times the volume of water was added and homogenized under ice-cold conditions for 10 seconds of which 100 mL of homogenate was mixed with 300 mL of methanol by vortex for 1 minute, and then centrifuged at 18 000×g for 3 minutes. The resultant supernatant was mixed with 20 mL of the internal standard working solution and 800 mL of water, and then applied to a preconditioned C2 cartridge and processed as for plasma. Bone marrow concentrations of VCR were based on samples collected from femur bones. Briefly, femur bone was fissured and 500 mL of water was added for sonication for 30 minutes. An aliquot of 50 mL of the processed sample was mixed with 150 mL of methanol by vortex for 1 minute and then centrifuged at 18 000×g for 3 minutes. The resultant supernatant was mixed with 20 mL of the internal standard working solution and 900 mL of water and then applied to a preconditioned C2 cartridge and processed as for plasma. The concentration of VCR was normalized to the weight of the bone sample. The assay for each sample type was both accurate and precise with within and between-day coefficients of variation of ,15%.
Results
Preliminary PK Studies
Given that the systemic PK properties of VCR could differ between each strain due to the influence of Pgp and Mrp1 on drug distribution and elimination, singledose IV bolus administration of 4 mg/kg of VCR was performed in each strain to measure total clearance (CL) and the volume of distribution at steady state (V ss ) (Supplementary Material, Table S1 ). Total clearance was not statistically different between strains and the values ranged from a low of 69.2 mL/min/kg in Pgp knockout mice to 97.4 mL/min/kg in the Mrp1 knockout group. The reduced clearance in the Pgp knockout group is attributed to a lack of Pgp-mediated biliary excretion of VCR. The value of V ss in the Mrp1 ko mice was about 2-fold higher than that in WT mice (P , 0.05). Regardless of the differences in the PK parameters between strains, the actual values of CL and V ss were used to design the steady-state dosing regimens. These regimens were administered for 4 hours in each strain through the combined administration of an IV bolus dose and constant rate infusion that would provide equivalent plasma concentrations of VCR in each strain (see Materials and Methods). Two steady-state PK studies of VCR were completed, one that targeted plasma concentrations of 10 ng/mL and another at 50 ng/mL.
Steady-State Plasma Concentrations in WT and ABC Transporter Gene -Disrupted Mice
Plasma concentrations of VCR in WT, Mrp1 ko, Pgp ko, and TKO mice administered 1 of 2 steady-state dosing regimens are illustrated in Fig. 1 . The steady-state VCR regimens employed a simultaneous IV bolus and continuous IV infusion for 4 hours, which achieved steady state expeditiously. In the low-dose study, which targeted steady-state plasma concentration of 10 ng/mL, mean VCR plasma concentrations were essentially constant between 180 and 240 minutes with mean values that ranged from 9 + 3 to 12 + 3 ng/mL, which were not significantly different between strains (Fig. 1) . Similarly, in the high-dose study targeting VCR plasma concentrations of 50 ng/mL, mean VCR plasma concentrations were constant between 180 and 240 minutes in all groups. This confirmed the achievement of steady state in both the low-and highdose groups. It is worth noting that in the high-dose study, VCR steady-state plasma concentrations in TKO mice were significantly lower, being 49.3 + 10.4 ng/ mL, than those in the other strains, which were 66.0 + 15.5 ng/mL in the WT group, 71.4 + 11.3 ng/mL in the Pgp ko group, and 67.5 + 15.3 ng/mL in the Mrp1 ko group (Fig. 1) .
VCR Tissue Concentrations in WT and ABC Transporter Gene -Disrupted Mice VCR concentrations were compared both within strains and between strains. Comparisons of VCR concentrations within each strain indicated that VCR brain tumor concentrations were statistically greater (P , 0.0001) than either the left or the right brain, ranging from 11-to 40-fold higher at the low-dose level or from 9-to 28-fold higher at the high-dose level (Fig. 2B ) ( Table 1) . As expected, left and right brain VCR concentrations within each strain did not differ from each other (P . 0.05).
Comparisons of brain tumor VCR concentrations between ABC transporter knockout and WT animals revealed differences in both the low-and high-dose studies. In the low-dose study, tumor concentration in Mrp1 ko mice (60.4 + 15.9 ng/g) was 1.5-fold greater (P , 0.05) than that in WT mice (40.4 + 15.9 ng/g), whereas no differences of tumor concentrations were detected in the other knockout strains compared with WT mice. In the high-dose study, as shown in Table 1 , all 3 ABC transporter gene -disrupted strains showed higher tumor concentrations than those in WT mice.
There were minimal differences in normal brain VCR concentrations across strain and dose levels with only TKO mice possessing higher left brain (P , 0.01) and right brain (P , 0.05) VCR concentrations than those in WT mice in low-dose study. Finally, bone marrow VCR steady-state concentrations in Mrp1 ko mice (Table 1 , P , 0.01) were significantly higher than that in WT mice at the high dose, the only dose studied, whereas no differences were found in other knockout animals.
VCR Partition Coefficients in WT and ABC Transporter Gene -Disrupted Mice
Although equivalent steady-state VCR plasma concentrations enable direct comparisons of brain concentrations, analysis of partition coefficients, calculated as the tissue-to-plasma steady-state concentration ratios, provides the most accurate assessment of drug distribution because plasma concentrations, even under steady-state conditions, are not equal in each strain. Plasma drug concentrations are an important factor driving drug penetration into tissues and any differences in plasma concentrations are accounted for in the tissue-to-plasma ratios. The pattern of partition coefficient values with respect to both brain region and genetic type is similar to the pattern observed for VCR brain and brain tumor concentrations.
The mean (+SD) partition coefficients for each brain region and strain for the low-dose (targeted 10 ng/mL plasma VCR) and high-dose (targeted 50 ng/mL plasma VCR) groups are shown in Fig. 2A and B, respectively. Specifically, in the low-dose groups, the VCR tumor partition coefficient in Mrp1 ko mice was 1.56-fold higher than that in WT mice (P , 0.05). In addition, consistent with the normal brain concentration Table 1 . *P , 0.05; **P , 0.01; ***P , 0.001 compared with WT using student's t-test. data, VCR left and right brain partition coefficients in TKO mice were also significantly higher than those in WT mice at both dose levels. In the high-dose groups, as shown in Fig. 2B , VCR tumor partition coefficients in Mrp1 ko and TKO mice, but not Pgp ko mice, were 2.35-and 1.86-fold greater than those in WT mice (P , 0.001 and P , 0.05, respectively). In Fig. 2B , the bone marrow VCR partition coefficient in Mrp1 ko mice (7.41 + 2.57, P , 0.05) was significantly higher than that in WT mice (4.48 + 1.06), whereas no differences were found in other knockout animals.
Discussion
Although VCR PK has been studied extensively and across species, 16 little has been collected on its direct CNS distribution, and to our knowledge this is the first study to address the role of Mrp1 and Pgp at the BBB on its CNS distribution. Through our analysis we can infer that pump inhibitors of Mrp1 can favorably enhance brain tumor distribution of VCR. The other major finding is that disruption of the BBB by the tumor caused a dramatic increase in VCR tumor penetration compared with normal brain.
The function of membrane transporters as determinants of the PK properties of drugs has been avidly documented in both preclinical and clinical investigations. 17, 18 These transporters, such as the ABC pumps studied here, may alter drug concentrations in any compartment separated by a membrane in which the pumps operate. The compartment-specific alterations in drug concentrations could manifest as alterations in the systemic PK properties, such as drug clearance and the volume of distribution, as well as localized perturbations in tissues of interest. The current study considered both the systemic and regional effects of 2 ABC pumps, Mrp1 and Pgp, on the disposition of VCR. First, since VCR's systemic PK properties can be impacted by Pgp's action to eliminate it into bile and urine and Mrp1's action to limit tissue distribution due to its basolateral membrane location, single-dose IV VCR studies were completed in each mouse strain to accurately assess the systemic PK properties of VCR in each strain. These parameters (see Supplementary Material, Table S1 ) indicated both Pgp and Mrp1 influenced the clearance and volume of distribution of VCR and further provided the basis to design steady-state regimens of VCR to target either 10 or 50 ng/mL plasma concentrations. All strains achieved nearly equivalent VCR plasma steady-state concentrations in the low-dose studies, whereas in the high-dose group there was a disparity between the TKO group and the other 3 strains and led to plasma concentrations that ranged from about 50 ng/mL in the TKO group to between 66 and 71 ng/mL in the other 3 strains. There is no obvious explanation for these differences, since even if the assumption of linear kinetics applied to the design of the steady-state dosing protocols was violated in the pilot IV dosing studies, it would unlikely be the case that the much lower plasma concentrations were achieved in the steady-state studies. Finally, it should be appreciated that steady-state conditions were achieved at about 2 hours in all groups, and thus, time-dependent changes in VCR's tissue distribution were negated. There are 2 key comparisons that can be made from the steady-state experiments: (i) the inter-strain changes in tissue/ plasma ratios and (ii) intra-strain differences between brain tumor and normal brain VCR concentrations. The inter-strain comparisons in VCR's tissue distribution (Fig. 2) revealed the most profound differences in normal brain occurred in the TKO strain, being in the range of 1.3-3.7-fold greater at both targeted plasma concentrations. Singular deletions of either Pgp or Mrp1 at the BBB did not significantly modulate VCR's ability to penetrate the BBB as each can apparently compensate for one another and limit VCR's uptake in normal brain. The inability of singular deletions of Pgp at the BBB to enhance VCR brain uptake is not unexpected even though paclitaxel in an analogous experimental model of the Pgp knockout showed significant, approximately 2-fold increases in normal brain penetration. 14 The differential finding between VCR and paclitaxel attests to the fact that paclitaxel is not a substrate for Table 1 . Steady-state tissue VCR concentrations (mean + SD) in plasma, normal brain, brain tumors, and bone marrows in B16 melanoma-bearing mice following a combined IV bolus dose and a 4 hour IV infusion targeting 10 and 50 ng/mL VCR plasma concentration in WT mice and 3 different ABC transporter gene-disrupted mice Mrp1, as VCR or other BBB efflux pumps that might perform a compensatory function. The compensatory efflux function afforded by Mrp1 at the BBB supports its high capacity and apical location. With regard to the latter, some studies have shown that Mrp1 is located on the basolateral side of the membrane outside the BBB, 19 whereas another indicated an apical localization of Mrp1 at the BBB, 20, 21 which now seems more plausible based on the current results. Therefore, attenuation of both Mrp1 and Pgp seem necessary to appreciably enhance the VCR uptake in normal brain.
The pattern of VCR distribution in brain tumors among the 4 strains is somewhat altered compared with that in normal brain with the Mrp1 knockout group, achieving the highest brain tumor/plasma ratios at both targeted steady-state concentrations (Fig. 2) . The greater partition coefficient of VCR in the Mrp1 group could reflect a more compromised BBB than in the other strains and would have to be of such a magnitude to offset the negated compensatory effects of the pumps in the TKO group. Even though the time the PK studies are conducted following tumor cell implantation are relatively constant, being about 10 days after implantation, there is heterogeneity, as reflected in the standard deviations ( Fig. 2 and Table 1 ), which may reflect variations in the integrity of the BBB. This variability could lead to, on average, a more disrupted BBB in the Mrp1 knockout group that would enable VCR's passage into tumor between adjacent endothelial cells and overcome the efflux action of Pgp on the BBB. Thus, a major conclusion that can be drawn from this study is that the absence of Mrp1 at the BBB had the most profound effect among the 4 strains on VCR tumor penetration, being an approximate 1.6 -2.4-fold greater than WT mice.
Intra-strain comparisons of VCR distribution between normal brain and brain tumors were fairly consistent with significantly greater VCR tumor concentrations (Table 1) , being achieved relative to normal brain, and ranged from 9-to 40-fold. These findings are not unexpected and are consistent with the disrupted and "leaky" nature of the BBB in brain tumors. Of course this global assessment based on whole tumor homogenates does not reflect regional variations in BBB integrity often associated with the advancing outer rim of the tumor that may have a more normal BBB. In addition, the lumped whole tumor measurements of VCR cannot be used to assess compartmentspecific changes in either interstitial fluid or intracellular drug concentrations due to transporters functioning as drug efflux pumps at the level of the tumor cell membrane. Since only one tumor model was used in this investigation, the potential effects of tumor cell drug efflux would be analogous in all strains. The action of drug efflux pumps in tumor cells can be addressed by placing microdialysis probes in the interstitial fluid space of tumors and sampling drug concentrations. 22, 23 This strategy was not implemented here due to the poor diffusivity of large MW lipophilic compounds through dialysis membranes. More intricate experimental protocols will likely be required to further delineate VCR compartment-specific distribution and the role of efflux pumps in tumor cells. One approach that is forthcoming from the steady-state design used here would be to compare VCR distribution in transporter-null and over-expressed tumor models to facilitate detection of compartment-specific changes in drug distribution. Overall, VCR distribution into brain tumors was significantly elevated compared with normal brain with the most critical factor being the breakdown of the BBB as opposed to the absence of either Mrp1 or Pgp.
Although VCR causes a variety of CNS toxicities, such as peripheral neuropathy, myelotoxicity is not uncommon, and is a tissue in which ABC transporters could govern drug entry. Since Pgp expression was found in hematopoietic progenitor cells, 24 in vitro and in vivo experiments using ABC transporter knockout animals suggested Pgp and Mrp1 play a role in protecting bone marrow from the VCR toxicity. 25, 26 However, without direct assessment of VCR distribution in these ABC transporter knockout animals, a causative relationship between the VCR penetration and toxicity cannot be established. In our experiment, VCR bone marrow tissue concentrations as well as the VCR bone marrow partition coefficients were determined under a steady-state dosing regimen in which the Mrp1 group showed the highest VCR concentrations and partition coefficient and were significantly greater than those compared with the WT group. In contrast, the Pgp group did not differ from the WT group, suggesting a dominant role of Mrp1 in bone marrow protection. In support of this finding, chimera WT mice transplanted with bone marrow from either Mrp1 ko or TKO mice had greater bone marrow toxicity than the chimera WT mice transplanted with WT or Pgp knockout mice donor bone marrow. 25 A question raised by this investigation is whether modulation of VCR transport by an Mrp1 and/or Pgp transport inhibitor is justified. Clearly, the largest changes in the VCR penetration across all strains is afforded by the disruption of the BBB due to the tumor and if this change occurs throughout the tumor, not a likely phenomenon, further manipulation of drug efflux pumps at the BBB by a transport inhibitor may not be required. However, about 2-fold enhancements might be achievable in brain tumors due to inhibition of Mrp1 or the combination of inhibition of Mrp1 and Pgp, and if regions of the tumor possess an intact BBB, the use of inhibitors could be further justified. These potential advantages could be counteracted by increases in the VCR distribution both in normal brain as well as in the bone marrow that may similarly be affected by the systemic actions of transport inhibitors. An important and possibly deciding factor on the use of a transport inhibitor in conjunction with VCR in brain tumor patients is whether efflux pumps can mediate VCR entry into tumor cells. Further preclinical studies may be warranted to develop strategies to delineate the compartment-specific VCR distribution as mentioned above. In summary, the key findings were that Pgp and Mrp1 can influence the VCR CNS penetration, yet their effects in brain tumors are less than disruption of the BBB due to the tumor itself. Future investigations on the use of transport modulators as a means to increase VCR tumor concentrations should consider the function of pertinent transporters on the tumor cell membrane as well as regional variations in BBB permeability.
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